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Abstract 
RICHARD CHARLES SMITH, JR. 
Under the supervision of Professor Glenn 
E. Robinson and Dr. Paul Brynteson 
.The purpose of this study was to compare the 
effects of selected drills upon the improvement of agility 
as measured by the McCauliff-Agility Components Test. 
Forty-nine male volunteer freshman students 
selected from five basic physical education classes at 
South Dakota State University were placed into five groups 
for this study. Four of the groups were randomly assigned 
experimental treatments consisting of recommended agility 
drills, while the fifth group was randomly selected to 
serve as the control group for the study, which required 
no experimental treatment. Subjects of the four groups 
that were administered experimental treatments participated 
in a seven-week training program during which they met three 
per week for five minute treatments. Drill designations 
for the treatments were as follows: Group A, upright and 
four-point wave drill; Group B, carioca, running hand-touch 
and forward-backward sprint; Group C, bench jump, rope skip 
and quarter-eagle pivot; Group D, a combination of all 
drills assigned to A, B and C; and Group E, which served 
as the control group. 
The McCauliff Agility Components Test was adminis­
tered on three predesignated occasions during the period 
of the study. Test I was administered prior to the onset 
of experimental treatments; Test II was administered 
following four weeks of treatment; and Test Ill was 
administered following seven weeks of treatmento 
Statistical analysis of the groups' mean changes 
between the .tests indicated that the drill sequences 
administered to Groups B, D and C significantly improved 
agility as compared to the control group (E). It was 
noted that Group B improved its agility at a greater rate 
and to a greater extent than the remaining four groups, 
while Group A failed to improve significantly over the 
control group. 
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CHAPTER I 
INTRODUCTION 
--,.: 
CHAPTER I 
INTRODUCTION 
The agility of an individual is widely accepted by 
members of the physical education and coaching profession 
to be q vital component for proficiency in many sports. 
As such, practice schedules and off-season training pro­
grams often include,drill periods in which the main 
purpose is to improve or develop the agility of performers. 
Many different drills have been designated as agility 
drills by physical educators and coaches, but for the most 
part such drills have not been validated through objective 
evaluation. 
This study was undertaken to hopefully provide 
physical educators and coaches with objective and practi­
cal knowledge concerning the effects of selected noncontact 
drills upon the agility of students and/or athletes. 
Statement of the Problem ---
The purpose of this study was to compare the effects 
of selected drills upon the improvement of agility as 
measured by the McCauliff Agility Components Test.1 
1c. Elizabeth McCauliff, "A Test' of Selected Agility 
Components" (unpublished Doctoral dissertation, Springfield 
College, Springfield, Massachusetts, 1968), pp. 1-97. 
Definition of Terms 
3 
Agility. Agility, as defined by McCauliff, "is the 
ability to rapidly and accurately change the position or 
2 direction of the body through large ranges of movement o " 
Large ranges of movement. Movements of the body 
which involve primarily the large muscle groups of the 
legs as a source of power and the large muscle groups of 
the rest of the body as a source of additional power and 
b d "l"b . 3 o y equ1. 1. r1.um, 
Test I. A test administered to all forty-nine 
subjects prior to the _onset of experimental treatments. 
Test II. A test administered to all forty-nine 
subjects immediately following four weeks of treatment. 
Test III. A test administered to all forty-nine 
subjects following the termination of experimental treat­
ments. This test was given four weeks after Test II. 
Fundamental athletic position. A position r-equir­
ing that each subject stand with the feet approximately 
shoulder width apart, weight distributed evenly on the 
balls of the feet, knees slightly bent, back straight, 
head erect and the eyes directed forward. 
2Ibid. , p. 4. 
3Ibid. 
Repetition. The performance of one change of 
direction in an agility drill. 
Seto The performance of a specified number of 
repetitions in an agility drill. 
Limitations of the Study 
4 
1. Subjects used were forty-nine male volunteers 
selected from five basic instruction physical 
education classes at South Dakota State Uni­
versity. 
2. No subject had competed on any intercollegiate 
athletic team. 
3. No attempt was made to control the personal 
habits of the subjects or their participation 
in physical activity during the period of study. 
4. No attempt was made to control the learning 
which may have resulted from subjects observing 
the performance of others running through the 
test pattern. 
5. The investigator had no way of evaluating the 
extent of motivation of each subject. 
6. All subjects participated in their basic 
instruction physical education classes through­
out the period of the study. 
5 
Significance of the Study 
Programs for the improvement of agility have, for 
the most part, been subjective in nature, with each coach 
or physical educator employing ideas on a trial and error 
basis. While many articles have been written on agility 
and authors have discussed means of improving agiiity in 
their books, coaches have not been able to objectively 
measure results of the application of such information. 
The investigator believes that the McCauliff Agility Com­
ponents Test, which incorporates five patterns of movement 
essential for proficiency of perfonnance in many sports, 
is an effective evaluative tool for the measurement of 
· 1· 4 ag1. 1.tyo 
Should the results of this study be found signifi­
cant, implications could be extricated by physical edu­
cators and coaches concerning the selection of drills or 
sequences of drills utilized in classroom, practice_ or 
out-of-season training procedures. Coaches would have the 
opportunity to become more scientific and objedtive in 
their program planning concerning the attempt to improve 
the agility of the participants. 
4Ibid., pp. 25-49. 
6 
Hypothesis 
The following hypothesis was investigated: There 
is no significant difference among selected agility drills 
upon the improvement of agility. 
CHAPTER II 
REVIEW OF RELATED LITERATURE 
CHAPTER 11 
REVIEW OF RELATED LITERATURE 
A summary of the literature pertaining to agility 
is presented in this chapter. Definitions 9.f agility, 
agility tests, improvement of agility and agility drills 
were investigated. 
Definitions of Agility 
Jackson, following an analysis of twenty-seven 
agility tests, stated that "the term 'agility' in the 
standardized test does not have a standard workable 
definition. 11 5 Schmakel holds to the theory that "an agile 
person, by definition, is one who is quick and light of 
movement. 11 6 McCauliff found that "in the past thirty­
five years many definitions have been proposed and a 
varied group of tests utilized for the purpose of measur­
ing the factor of agilityo11 7 
5Robert H. Jackson, "An Analysis of the Inter­
relationships of a Series of Recommended Agility Tests" 
(unpublished Master's thesis, University of Maryland, 
College Park, 1961), p. 74. 
6warren H. P . .Schmakel, "Defensive Drills to Teach 
Agility and Reaction, " Summer Manual, American Football 
Coaches Association, 1962, po 42. 
7c 0 Elizabeth McCauliff, "A Test of Selected Agility 
Components" (unpublished Doctoral dissertation, Springfield 
College, Springfield, Massachusetts, 1968), p. 8. 
9 
Much of the literature pertaining to agility makes 
reference to a rapid change in direction as the basis for 
a definition of agility. McCloy and Young define agility 
as "the ability to change direction of the body or of 
parts of the body rapidly. It • • •  may involve large 
ranges of movement, as in the zig-zag run. " 8 Mellem 9 as 
well as Gates and SheffieldlO hold the opinion that the 
ability to P.erform rapid changes of direction is basic to 
a definition of agility., Cureton incorporates "the ability 
to handle the body quickly and precisely, not necessarily 
with maximum force or power" into his definition of 
. 1· 11 agi ityo Harris, in her attempt to improve badminton 
playing ability through agility activities, determined 
8charles Harold McCloy and Norma Dorothy Young, 
Tests and Measurements in Health and Physical Education 
(New York: Appleton-Century-Crofts, Inc. , 1954), p. 75. 
9George O. Mellem, "An Evaluation of a Test Bat­
tery Designed to Measure the Physical Fitness of Boys of 
High School Age" (unpublished Master' s thesis, University 
of Oregon, Eugene, 1 946), Po 17. 
lODonald D. Gates and R. P. Sheffield, " Tests of 
Change of Direction as Measurements of Different Kinds 
of Motor Ability in Boys of the Seventh, Eighth and Ninth 
Grades, " Research Quarterly, 11: 13 9, October, 1940. 
l lThomas K o Cureton, et. aL, Physical Fitness 
Appraisal and Guidance (Sto Louis: The C. V. Mosby 
Company, 1947°), p. 5 
10 
that agility consisted of "rapid, accurate, precise changes 
of direction to perform the desired response to unexpected 
• 
II 
1 2 circumstances. 
Larson does not differentiate quickness of bodily 
movement from agility, as he detennines the combined 
quality of quickness and agility as a factor in the speed 
f h f d. . · 13 K 11 f . kn f o c ange o 1.rect1.on,. e er re ers to quic ess o 
bodily movement as an orthogonal factor from strength, 
endurance, skill, agility, and speed of runningo14 How­
ever, he does state that "there is a positive r�lationship 
between the ability to move the body quickly and success 
. hl . . .,15 1.n at et1.cs. McCloy and Young hold to the theory that 
agility is a combination of quickness and the ability to 
h d. t· 16 c ange irec 1.on. 
McCauliff, following her analysis of existing 
agility measurements and definitions, defined agility as 
12norian Elizabeth Harris, "The Effect of Selected 
Agility Activities on Badminton Playing Ability of Women 
at the University of Oregon" (unpublished Master's thesis, 
University of Oregon, Eugene, 1963), p. 3. 
13Leonard A. Larson, "A Factor Analysis of Motor 
Ability Variables and Tests with Tests for College Men, " 
Research Quarterly, 12:503, October, 1941. 
14Louis F. Keller, "The Relation of Quickness of 
Body Movement to Success in Athletics, " Research Quarterly, 
13: 146-147 , May, 19420 
,.) 
lSibid. , p o 149. 
16t1ccloy and Young, loco cit. 
11 
"the ability to rapidly and accurately change the position 
or direction of the body through large ranges of move­
ment. 1117 
Agi.lity Tests 
-The search of the related literature indicated that 
tests of agility are categorized as either tests which 
include running or those which do not involve running. 
Tue tests which involve running were observed to be either 
the shuttle or obstacle type 18 run. 
Ilsley tested agility incorporating pull-ups, 
vaulting, broad jumping and a one-hundred yard sprint. 19 
Gates and Sheffield administered three batteries of tests 
which primarily involved the change of direction factor to 
determine the agility of seventh, eighth and ninth grade 
boys. Obstacle runs, shuttle runs and side stepping drills 
. d .  h .  b . 20 Th were incorporate into t eir test atteries. e squat 
17McCauliff, .2.E.• cit. , p. 25. 
18Gates and Sheffield, .2.E.· cit. , pp. 140-147. 
19Morrill Lo Ilsley, "Study of Correlation in 
Measurement of Men Students at Pomona College, " Research 
Quarterly, 11 : 1 16, March, 19400 
ZOGates and Sheffield, loc. cit. 
12 
.thrust, originated by Burpee,
2 1  is also termed as a motor 
activity that can be utilized to measure agilityo22 
The apparent complex nature of agility makes it 
difficult to measure because most measurements are con­
cerned with one basic type of change of direction. Cumbee, 
in a factorial analysis of agility tests, discrim�nates 
between change of direction factors as she states : 
Two of the variables appearing on this factor, the 
Burpee and the short potato race, are what physical 
educators have called "agility" measures. They 
involve a total body " quick change of direction. " The 
present writer is hesitant to call this a quick change 
of direction factor because of the low correlation of 
the Burpee with this factor. o . the use of more tests 
as the side-step, zig-zag and dodging run might give 
more evidence that the type of ability involved in 
this factor is a quick change of direction. 23 
Hilsendager, Strow and Ackerman also found that the tests 
created to test agility do not all test the same factor. 
They recommend the development of additional agility 
tests. 24 
2 1  McCloy and Young, .2.E.• cit. , p. 75. 
22nonald K. Mathews, Measurement in Physical Edu­
cation (Philadelphia : W. Bo Saunders Company, 1963) 
p. 360. 
2SFrances z. Cumbee, "Factorial Analysis of Motor 
Coordination, " Research Quarterly, 25:418, December, 1954. 
24nonald R. Hilsendager, Malcolm Ho Strow and 
Kenneth J. Ackerman, "Comparison of Speed, Strength and 
Agility Exercises in --.the Development of Agility," Research 
Quarterly, 40: 75, March, 1969. 
Fleishman, in an extensive factor analysis of 
selected agility tests, noted that agility consists of 
complex components of motor skillso He states: 
Th·e change of direction factor did not emerge as 
a separate factor; rather, such performances were 
accounted for by an Explosive Strength factor pre­
viously identified. No separate Agility or Coordi­
nation factors were found. ZS 
1 3  
Cumbee also recognizes the complexi�ies of motor skills 
and agility as she states, "It seems possible to conceive 
of coordination as some combination of abilities • • • •  1126 
, Larson, in his research on motor ability, noted that 
agility is a partial cause or composition of a selected 
skill rather than the total skill. 27 Hilsendager, Strow 
and Ackerman hold the opinion that there is a factor 
involved in motor skills which is unique to agility. 28 
Selected agility tests have been found to correlate 
highly with sports ability. The Brace Test29 and the Iowa 
Revision of the Brace Test30 were reported by McCloy and 
25Edwin A. Fleishman, The Structure and Measurement 
of Physical Fitness (Englewood Cliffs, New Jersey: Pren­
tice-Hall, Inc. , 1964), p. 99. 
26 Cumbee, loc. cit. 
27  Larson, .£12.· cit. , p. 499. 
28Hilsendager, Strow and Ackerman, loc. cit. 
29McCloy and Young, .£2.• cit. , pp. 85-90. 
30rbid. 
2 3 7 8 3 b "'-T T .,J DAKOTA STATE u��IvE ITY LmRARY 
14 
Young to be highly correlated wi.th sports ability. 31 The 
Cozens Dodge Run, because of its emphasis on a change of 
d . . f "b d b·1· 32 Th irection actor, contri ute to sports a i ity. e 
Illinois Agility Run was found by Hilsendager, Strow and 
Ackerman to be related to sports ability. 33 __ 
_ The problem of selecting test measures that would 
objectively measure the complexitie� of agility was con­
sidered by McCauliff in her test construction./ After an 
analysis of athletic activities and their relationship to 
agile movements, McCauliff made reference to the nature 
of agility as: 
• • •  complex and involved the ability to change the 
position or direction of the body through many large· 
ranges of movement. Thus, it was essential • • •  to 
both define and measure agility in its total com­
plexity, a complexity which this investigator contends 
is best represented in the demonstration of profi­
ciency in the performance of a wide range of patterns 
of movement inherent in sports activities. 34 
31Ibid. 
32 Theresa Anderson and Ca H. McCloy, "The Measure-
ment of Sports Ability in High School Girls, " Research 
Quarterly, 18:1-11, March, 1947. 
33Hilsendager, Strow and Ackerman, .2.E.• cit. , p. 74. 
34McCauliff, .QE.• cit. , p. 9. 
15 
McCauliff utilized the following patterns of move­
ment in her agility components test: Change of Level, 
Lat-ral Movement, Rotational Movement, Forward Diagonal 
Movement and Change of Direction. 35 
Improvement of Agility 
Following a review of the related literature it 
was concluded that few studies have been conducted whose 
specific purpose was to improve running agility through 
sport�type drills or practice. 
Chambers found that agility could be significantly 
increased through an eight-week basketball unit involving 
calisthenics, running, fundamentals, and offensive and 
defensive patterns; but that the wearing of ankle weights 
made little difference in agility development. Chambers 
included an exp_erimental group which wore ankle weights 
and a control group which did not wear ankle weights in 
his attempt to determine the effect of ankle weights upon 
. 1· 36 ag1. 1.tyo 
351bid. , pp. 26-27. 
36Theodore A. Chambers, "The Effect of Wearing 
Ankle Weights upon Running Agility of Junio·r High School 
Boys" (unpublished Master's thesis, State University of 
Iowa, Iowa City, 1966), p. 22. 
16 
In a study of the relationship between reaction 
time, speed and agility of the large muscle groups to 
skill in tennis, golf, and archery, Beise and Peasely 
determined that participation in golf and archery did not 
increase agility. Tennis subjects, while not increasing 
their agility significantly, showed a faster reaction 
time, speed and a better agility score than the golf and 
archery subjects. The authors devised their own agility 
test in their study and concluded that skilled performers 
in all three sports showed a significant difference over 
unskill< ·l performers in the agility measure. Beise and 
Peasely utilized a seven-week training period in their 
. 1 d . 37 experimenta esign. 
Tschetter, in his attempt to improve agility through 
selected football drills, concluded that his program did 
not significantiy increase the speed or quickness in 
changing the direction or position of the body. The 
training program did significantly improve dynamic bal­
ance. 38 The Revised Penny Cup Test, 39 the Prone to· 
37Dorothy Beise and Virginia Peasely, "The Relation 
of Reaction Time, Speed and Agility of Big Muscle Groups· 
to Certain Sports Skills, " Research Quarterly, 8: 133-142, 
March, 1937.  
38Douglas Lee Tschetter, "The Ef�ects of Selected 
Football Drills upon Agility" (unpublished Master' s  th�sis, 
South Dakota State University, Brookings, 1965), p. 23. 
·39 Mathews, .2£.• cit. , p. 167. 
17 
Standing Movement Test, 40 and the Bass Dynamic Balance 
41 .. Test were selected by Tschetter to measure agility and 
balance. Tschetter employed a three-week training pro­
gram requiring that the subject,s meet a total of fifteen 
t . . h h . 1 . h · f · · 42 imes, wit eac session asting t irty- ive minutes. 
Hilsendager, Strow and Ackerman conducted a study 
to compare the effects of selected speed, strength and 
agility exercises on the dev�lopment of agility.4 3  After 
comparing the effects of a six-week training program 
through the use of pre and post-test scores of thirty-one 
tests, it was concluded that "agility can best be developed 
by programs designed specifically for that purpose. This 
indicates the probability that there is a factor which is 
unique to agility and causes the rejection of the original 
hypothesis • • •  that variance in agility could be accounted 
44 for by the inte+acting of speed and strength. " 
40Dale Pennybaker, "Investigation of the Speed of 
Movement" (unpublished Doctoral dissertation, State Uni-
versity of Iowa, Iowa City, 1961), p. 27.  
41Ruth I. Bass, "An Analysis of the Component Test 
of Semi-Circular Functions of Static and Dynamic Balance, " 
Research Quarterly, 10: 33-52, May, 1939. 
42  · 14 Tschetter, �• c1. t. , po . 
43Hilsendager, Strow and Ackerman, .2£• cit. , pp. 71-
441 bid. , p o 7 5 ° 
Agility Drills 
Physical educators and coaches are cognizant of 
many drills developed primarily to improve agility. As 
18 
noted by Wiley and De Pasqua, coaches " . all use about . . 
the same agility drills. .. 45 Dickey holds the 0 • • 
opinion that each practice session should b�gin with 
agility drills, and that all-members of the team should 
use basically the same drills. 46 Beall and other coaches 
use agility drills for additional purposes, such as con-
d .  . . h. d 1 . f 1 47  M · itioning, teac 1ng an eva uation o p ayersa artin 
states that "certain agility drills stress running, body 
control and quick movement, but also serve to develop 
neuromuscular condition, all of which are important areas 
. b. 1· " 48 in sport a 1 1ty. 
45Jack Wiley and Carl De Pasqua, "Player Demonstra­
tion and Drills with University of Pittsburg Players, " 
Proceedings of the Thirty-Eighth Annual Meetin
�
, American 
Football Coaches Association, January 9-ll, 19 1, p. 97. 
46noug Dickey, "Speed and In-Season Running, ·" Pro­
ceedings of the Forty-Fourth Annual Meeting, American-­
Football Coaches Association, January 11-13, 1967, pp. 14-
22. 
47Bill Beall, "Continuity in L. S. U. ' s  Drills fo'r 
the Defensive Secondary, " Proceedings of the Forty-Second 
Annual Meeting, American Football Coaches Association, 
January 11-13, 1965, pp. 35-39; Wiley and De Pasqua, .2£.• 
cit. , pp. 97-103; Ralph W. Berlin, "Recommended Summer 
Program at the University of Kentucky, " Summer Manua 1, . 
American Football Coaches Association, 1967, pp. l0-15. 
. 
48charles Martin, "A Program of Agility Drills for 
Athletes, " Athletic Journal, 43:26, May, 1963. 
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In discussing football as a game of speed, agility, 
reaction and strength, Tipps stated that " • . .  in our own 
situation, we think that if we have to give up something 
. 11  . h f d d . 1 · ,,
49 T · we wi give up strengt or spee an agi ity. ipps 
stressed the importance of agility drills in the improve­
ment of agility. SO Schrnakel noted that agility drills 
have helped make Rutgers' linemen quicker and better able 
to execute. Included in Rutgers' noncontact agility drills 
are wave drills, bench jumping, somersaults and carioca 
. d · 1 1  51 running ri s. 
. 5 2  5 3  54 Gibson, Rapp, and Eaton use many of the same 
drills as Schmakei, 55 but also include quarter-eagle 
pivots, backward running, three man rolls and circle runs 
49Tom Tipps, "Defensive Line Drills, " Proceedings 
of the Thirty-Eighth Annual Meeting, American Football 
Coaches Association, January 9-11, 1961, p. 94. 
solbid. , pp. 94-99. 
51schmakel, .2.12.• cit. , pp. 40-44. 
52vince Gibson, "Building Championship Linebackers, " 
Summer Manual, American Football Coaches Association, 
pp. 40-47. 
53vic Rapp, "Physical Fitness for Football, " Summer 
Manual, American Football Coaches Association, 1966, pp. · 
54-57. 
54Lloyd Eaton, "Wyoming' s Defensive Line Drills, " 
Summer Manual, American Football Coache� Association, 
1963, pp. 42-46. 
55 Schmakel, loc. cit. 
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in their agility programs. Callahan and Brown, 56 Berlin, 57 
and Valek58 include rope-skipping and running hand touches 
in their repertoire of agility drillso Callahan and Brown 
measured agility improvement through a shuttle run and 
found that their winter conditioning program increased 
linemen's agility sixteen percent and backs' agility 
59 
seven percento 
The consensus of coaches' opinions, as noted through 
the related literature indicated that agility periods 
included in practice sessions should last from ten to 
twelve minutes in toto with a number of drills included 
. h. h . . d 60 wit in t at time perio . 
56Ray Callahan and Joe Brown, "The University of 
Cincinnati's Winter Conditioning Program, " Summer Manual, 
American Football Coaches Association, 1968, pp. 18-22. 
57 1· 1 Ber in, --2.£• .£!£• 
58Jim Valek, "Football Conditioning, " Proceedings 
of the Forty-First Annual Meeting, American Football 
Coaches Association, January 12-14, 1964, PPo 48-520 
59 1 · Callahan and Brown, --2.£.c cit. 
60 · G.b 1 ·t w·11· R Dickey, loco cito ; i son, --2.£.o £2:_o ; i iam o 
Hess, "Practice Organization, " Proceedings of the Thirty­
Eighth Annual Meeting, January 9-11, 1961, ppo--rf-150 
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Source of Data 
CHAPTER III 
PROCEDURE 
Forty-nine male volunteer subjects were involved 
in this study. A survey of five basic physical education 
classes at South Dakota State University yielded fifty­
eight volunteers whose qualifications met the limitations 
of the study. Test I was administered to all fifty-eight 
subjects. Three subjects dropped from the study due to 
schedule conflicts and six other subjects were eliminated 
from the study due to absences incurred during the treat­
ment period. 
Method of Collecting Data 
Organization of Study. The investigator had 
determined that the experimental design would incorporate 
five groups consisting of ten subjects each. One group 
completed the study with nine members, while the remaining 
four groups finished with ten subjects. The groups are 
hereafter designated as Groups A, B, C, D, and E, respec­
tively. Individual group designations were randomly 
assigned and are discussed under the training program 
procedures. 
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Four of the groups (A, B, C, D) were designated as 
experimental groups. The experimental groups met three 
times per week during the seven-week training program. 
Each of the twenty-one treatment periods lasted five 
minutes. The experimental groups took part in their 
trea�ment periods during their regularly scheduled basic 
instruction physical education classes. The fifth group 
(E) served as a control group in this study. This group 
participated only in its basic instruction physical edu-
cation class throughout the entire period of the study. 
The experimental design of the study required that 
the subjects be available from February 23, 1969, until 
April 29, 1969. No testing or training was conducted 
during the week of Easter vacation. The McCauliff Agility 
C T 61 dm" · d h "f" omponents est was a inistere on t ree speci ic 
occasions durin� the period of the study. · Test I was 
administered on February 23  and February 25, 1969, prior 
to the onset of experimental treatments. Test II was 
administered on March 25, 1969, following.four weeks and 
a total of twelve treatment periods. Test III was 
administered on April 29, 1969, following seven weeks of 
61
c. Elizabeth McCauliff, "A Test of Selected 
Agility Components" (unpublished Doctoral dissertation, 
Springfield College, Springfield, Massachusetts, 1968) ., 
pp. 1-97. 
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treatment. Each subject ' s  fastest time on each of the 
three tests was recorded to the nearest tenth of a second 
and used in computing the group means. 
The investigator randomly assigned the experimental 
treatments to the groups prior to the administration of 
Test I. The "track pill box" method was used in making 
the assignment. The investigator called the entire group 
of subjects _together to familiarize them with the experi­
mental design of the study, the McCauliff Agility Com­
ponents Test (refer to Appendix A for the test pattern) 
and the agility drills to which their respective groups 
were to be subjected. 
The investigator divided each of the experimental 
groups (A, B, C, D) into subgroups of five subjects each 
to enable recovery between bouts of exercise. The 
investtgator also utilized the change-over periods to 
positively motivate the subjects towards irn roving their 
performance. 
Training Program. Through reading , consultation, 
association and experience with men of the physical edu­
cation and athletic coaching profession, the investigator 
determined the drill sequences that were randomly assigned 
to the experimental groups. The investigator observed 
that few coaches spend more than five minutes per practice 
administering any particular agility dri ll, and that few 
25  
coaches administer identical drill sequences during each 
practice session. It was the purpose of the study to 
determine the effects of the drills on agility rather than 
to physically condition the subjects. 
Pilot studies were conducted prior to the onset of 
treatments to support the investigator's establishment of 
the particular time sequences and the number of sets and 
repetitions assigned to each experimental group . All of 
the treatments remained constant throughout the period of 
the study. 
Group Treatments 
Group A .  This group was randomly assigned the wave 
drill as its experimental treatment. The upright and four­
point variations of the wave drill were incorporated into 
the time sequence of the treatment periods. A review of 
the literature indicated the widespread use of both 
variations of the wave drill during practice or off-season 
training programs. The upright wave drill was administered 
. 6 2  63 according to the recommendations of Kapral, Rapp and 
6 2Lt. Frank Kapral , "Individual Fundamentals and 
Agility Drills, "  Proceedings of the Thirty-Seventh Annual 
Meeting, American Football Coaches Association, January 
6-8, 1960, pp. 68-73. 
63vic Rapp, "Physical Fitness for Football, "  S�mmer 
Manual, American Football Coaches Association, 1966, pp. 
54-57 . 
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Gibson. 64 McCloskey, 65 Berlin6 6  and Eaton6 7 endorse the 
four-point wave drill as an agility drill. 
Correct performance of the upright wave drill 
required that the subjects assume the fundamental athletic 
position u�on hearing the verbal command "Ready ! "  issued 
by the · investigator. The investigator then issued the 
verbal command "Hit ! " and required that the subjects begin 
a vigorous alternate foot pounding action. Depending upon 
the predesignated hand signal administered by the investi­
gator, the subjects shuffled laterally left or right, 
forward or backward. The investigator encouraged the 
subjects to improve their quickness and agility through 
hard work and determination. The investigator concluded 
each set of five to seven repetitions by issuing the verbal 
command "Through Me ! "  which required that the subjects 
64vince Gibson, " Building Championship Linebackers, " 
Summer Manual, American Football Coaches Association, 196 7, 
pp. 40-46 . 
65Jack McCloskey, "Ingredients for Winning : Weight 
Training, Running and Agility Drills , "  Proceedings of the 
Forty-Fourth Annual Meeting, American Football Coaches-­
Association, January ll-13, 1967, pp. 75-80. 
6 6Ralph W. Berlin, "Recommended Summer Program at 
the University of Kentucky, " Summer Manual·, American 
Football Coaches Association, 1967, pp. 10- 15. 
6 7Lloyd Eaton, "Wyoming' s Defens-ive Line Drills 
and Techniques, " Summer Manua 1, American Footba 11  Coaches 
Association, 1963, pp. 42-46 . 
sprint past the investigator. Five sets of the upright 
wave drill were utilized during each of the twenty-one 
treatment periods. 
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Performance of the four-point wave drill required 
that the subjects first assume a position placing both 
hands and both feet firmly on the floor approximately 
shoulder width apart. The i�vestigator required that the 
subjects hold the head erect, keep the back straight and 
bend slightly at the knees to enable the hips to remain 
lower than the shoulders. 
The verbal command "Ready ! "  issued by the investi­
gator alerted the subjects to quickly assume the position 
described above, and upon the ensuing command " Hit ! "  the 
subjects were to begin a vigorous foot pound. The sub­
jects then reacted laterally left or right, forward or 
backward depending upon the hand signal given by the 
investigator. Each set of the four-point wave drill was 
concluded by the command "Up and Through Me ·t "  whereby the 
subjects exploded to their feet and sprinted past the 
investigator. Four to six changes of direction were 
included in each set of the four-point wave drill. Two • 
sets of the four-point wave drill were included in each 
treatment o 
A complete breakdown of the treatment assigned to 
Group A may be seen in Appendix B. 
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Group B. Group B was randomly assigned the carioca, 
the running hand-touch and forward-backward sprints as its 
specific sequence of agility drills. Callahan and Brown6 8  
69 70  71  7 2 Hess, Kapral, Rapp and Schmakel provided the 
investigator with established procedures concerning the 
use of these drills in agility programs. 
Correct performance o� the right carioca required 
that the subject, while running laterally in the upright 
position, alternately cross the left leg in .front of and 
behind the right leg. The opposite leg movements were 
used when executing the left carioca . Correct form also 
required that the subject hold the shoulders parallel to 
the plane of motion. The arms were held in a position 
parallel to the floor to aid in the maintenance of body 
equilibrium. 
6 8Ray Callahan and Joe Brown , "The University of 
Cincinnati's Winter Conditioning Program, " Summer Manual, 
American Football Coaches Association, 1968, pp. 18-22. 
69william R .  Hess, npractice Organization, " 
Proceedings of the Thirty-Eighth Annual Meeting, American 
Football Coaches Association, January 9-11, 1961, pp . 11-
15. 
70  1 1 Kapra , _££• cit. 
71 l . Rapp, _££• cit. 
7 2warren H. P. Schmakel, "Defensive Drills to Teach 
Agility and Reaction, " Summer Manual, American Football 
Coaches Association, 1962, pp. 40-44. 
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Th e  subj ect s  were required to p erform eight carioca 
runs acro s s  a twenty- f ive yard portion of the gymnas ium .  
The subj ect s p erformed four right carioca runs and four 
left carioca runs during each of the trea tment p erio d s . 
Short recovery p eriods  were int ersp ersed be�ween each 
carioca run . 
Performance o f  the rli�ning hand- touch required 
that the subj ect s bend and touch the f loor whi le running 
forward . The subj ect s were required to make s ix hand­
touches within the twenty- f ive yard running d i s tance . The 
subj ect s were a l so required to touch the right and left 
hands a lternat e ly .  Four p a s ses  over the twenty- f ive yard 
pat tern were made during each treatment . 
The forward - backward sprint required that the sub­
j ect s sprint forward and backward over a sp ec i f i ed cours e 
which inc luded the end lines , free throw l ines  and m id line 
of a ba sketba l l  court . The pattern inc luded a forward 
sprint from one end line to the near free throw line , 
where a chang e  o f  direct ion wa s made a s  the subj ect s 
sprinted backward to the end line . The subj ect s again 
changed direct ion and sprint ed forward to the m id l ine , 
where they reversed direct ion and sprint ed . backward to the 
free throw l ine . The subj ect s  then changed d irect ion , 
sprint ing forward to  the oppo site  free throw l ine , whe·re 
they again changed direct ion backward to the midline . 
A final change of direction and a fo rward sprint to the 
end line opposite the starting position concluded the 
pattern. Two sets of the forward-backward sprint were 
performed during each treatment. 
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Recovery periods were interspersed between each 
bout of exercise. The investigator encouraged quickness, 
proper technique, improvement and all-out performance 
throughout �he entire period of the study. 
A complete breakdown of the training program 
administered to Group B may be seen in Appendix B. 
Group C. This _group was randomly assigned bench 
jumping, rope skipping and quarter-eagle pivots as its 
specific group of agility drills. Callahan and Brown, 7 3  
74  7 5 7 6  Berlin, Rapp and Valek presented the investigator 
with knowledge concerning the use of these drills in pro­
grams to develop agility. 
Correct performance of the bench jumping drill 
required that the subjects jump laterally and continuous ly 
7 3callahan and Brown, loc. cit. 
74Berlin, loco cit. 
75 1 . Rapp, __££• cit. 
7 6Jim Valek "Football Condit ioning, " Proceedings 
.2f. the Forty-First ' Annual Meeting, American Football 
Coaches Association, January 12 -14, 1964, PP• 48-52. 
right and left over a seven inch wide by eighteen inch 
high bench. The investigator encouraged the subjects 
3 1  
to perform as many jumps as possible during each fifteen­
second bout of exercise. Three sets of the bench jump­
ing drill were performed during each treatment period. 
A recovery period of twenty seconds was interspersed 
between each of the three se�s of the drill. 
The design of the rope skip drill required that 
each subject in the group skip rope continuously for a 
ninety second period. Due to individual differences 
among the subjects' rope skipping ability, no particular 
rhythm was required by the investigator. The investi­
gator encouraged quickness and improvement through 
maximal effort in the subjects ' attempt to improve agility 
by the rope skip drill. 
Performa�ce of the quarter-eagle pivot drill 
required that the subjects assume the fundamental athletic 
position upon receiving the verbal command "Ready ! "  from 
the investigator, and to begin a vigorous footpound upon 
the command "Hit ! . "  As the investigator administered 
designated hand signals, the subjects reacted by execut� 
ing a quick quarter-pivot in the direction · indicated and 
then performed another quarter-pivot which enabled them 
to return to the starting position at which time they 
again began the footpound. Correct performance of the 
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quarter-eagle pivot necessitated a quick-jump pivot rather 
than a slow, two-phased action. The investigator required 
that the subjects execute a total body pivot rather than 
just pivoting the feet and legs. Six to eight quarter­
eagle pivots were enacted during each set of this drill, 
and the . subjects performed three sets during each of the 
twenty-one training sessions. The quarter- eagle pivot 
drill was terminated at the command "Through Me ! "  by the 
investigator, which required that the subjects sprint 
past the investigator. 
The investigator encouraged proper technique in 
executing the quarter-eagle pivot drill and stressed 
quickness in all of the drills utilized in the treatment 
assigned to Group Co 
A complete breakdown of the treatment assigned to 
Group C may be seen in Appendix B. 
Group D. This group performed a combination ·of all 
the agility drills administered to Groups A, B and C. The 
arrangement of the drills within the five-minute time 
period was by the design of the investigator. 
One set of the bench jump, two sets of the upright 
wave drill, thirty seconds of rope skipping, two sets of 
the quarter-eagle, two sets of the carioca and one set 
each of the four-point wave drill and forward-backward 
3 3  
sprint were included in each training period administered 
to Group D. Recovery periods were interspersed between 
bouts of activity. 
A complete breakdown of the drills administered to 
Group D may be noted in Appendix B. 
Group E. Group E served as the control group in 
this study and was not subjected to any form of experi­
mental treatment. 
Measurement of Agility. Many agility tests were 
noted in reviewing the related literature. The McCauliff 
Agility Components Test appears to be unique in that the 
test pattern includes the performance of five p_atterns 
of movement common to many sports and physical education 
activities. The patterns of movement included in the test 
are change of level, lateral movement, rotational move­
ment, forward diagonal movement and change of direction. 7 7  
Due to the fact that agility cannot be objectively measured 
during competitive circumstances, the McCauliff test was 
utilized as the standard of comparison concerning the 
improvement of agility in this study. 
In her test construction, McCauliff established the 
following criteria for validation of the test: 
7 7  McCauliff, .£E.u cit. , pp. 26 -39. 
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1. Demonstration of a high degree of reliability. 
2. Ability to discriminate among groups represent­
ing various levels of proficiency and/or participation 
in a selected group of varsity sports and the total 
college physical education program. 
3. Demonstration of impartiality in the measure­
ment of the capacities for agile movement of subjects 
varying in height and weight. 7 8  
McCauliff used the subjects' fastest times in 
computing the mean scores of groups designated basketball 
varsity, football varsity, soccer varsity, majors-high 
skill index, maj ors-low skill index and non-athletes in 
validating the agility components test. Each of the 
seventy- •nine subjects underwent two four-trial testing 
sessions, no less than two nor more than four days apart. 
A single running of the test a week following the second 
four-trial session was used to compute a reliability 
coefficient of correlation. Reliability coefficients 
were found to range between . 8 7  (basketball varsity) and 
. 99 (majors-low skill index) for the six groups o The 
combined varsity and total sample reliability coefficients 
7 9  were each . 99. 
McCauliff employed the analysis of variance to 
test for significant differences among means for the 
7 8Ibid. , p. 5 1 .  
7 91bid. , p. 57. 
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fastest times, each of the eight trials, height and weight 
of the six groups, and total varsity and total sample. A 
significant difference at the . 0 1 level was obtained by 
McCauliff concerning the skilled and unskilled. so McCauliff 
states that "evaluation of the mean differences • . • showed 
that the majors-high skill index and basketball varsity 
groups were significantly th.e most proficient groups, and 
the majors-low skill index and non-athlete groups the 
1 f .  . 
1 1 81 east pro 1c1ent • • • •  
From the result of the study, McCauliff concluded 
that : 
The agility components test was shown to be a 
valid instrument for use in discrimination among the 
capacities for agile movement of groups at differing 
levels of proficiency and participation in sports 
activity. Furthermore, the long form of the test 
was shown to be more discriminating among the per­
formance capacities of the groups than the short 
form of the test. 82 
Testing Procedure 
Testing was conducted on four specific evenings 
· during the period of this study : February 23 and 25, 
March 25 and April 29, 1969. The McCauliff Agility 
BOl bid. , p. 87.  
S llbid. 
821 bid. , p. 90 • 
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Components Test pattern was taped on the wood flooring at 
the west end of the gymnasium at South Dakota State Uni­
versity. All subj ects wore regulation gym shoes, T-shirts 
and either shorts or sweat pants. The test area was 
cleared of any dirt prior to each test session, and a 
moist towel was provided for cleaning foreign matter from 
the subjects' gym shoes. 
The subjects were presented detailed information 
concerning the correct performance of the test pattern 
according to the direction supplied by McCauliff • . 
The investigator followed the procedures outlined 
by McCauliff in the following manner: The subjects were 
informed that all squares in the test pattern were to be 
contacted by both feet, with the exception of the six 
squares of the directional run which needed only to be 
touched by one foot. It was not necessary for both feet 
to enter each designated square simultaneously, but- at 
some point they were both required to contact the square. 
There was no penalty for failure to land in any of the 
squares with the entire foot, but all other lines in the 
test were to be regarded as essential for proper perfor-
mance. 8 3  
8 3rbid. , pp. 54-55. 
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If a subject failed to properly complete any portion 
of the test, he was informed immediately by a loud "NO"  
from the investigator and was required to correct the error 
before continuing on the test pattern. The investigator 
closely followed each subject along the perimeter of the 
test so that high accuracy of performance was obtained 
with the least possible time _penalty to the subject. 84 
Times were recorded to the nearest tenth of a 
second for each of the sixteen trials that made up Tests 
I, II and Ill collectively . Each subj ect's fastest time 
obtained from each of the tests was used in computing the 
group means for each test. 
For each of the three tests the investigator ran­
domly assigned the time periods during which the subjects 
of a designated group were to be tested. The subjects 
were informed that they should report early if they desired 
to perform any warm-up exercises. The subjects were 
allowed to observe the performance of others but no motiva­
tion was permitted. 
The investigator required that one orientation run 
over the test pattern be performed by each subject prior 
to the timed trials of the three tests. This run was per­
formed during each group ' s  assigned testing time. 
841 bid. , po 55. 
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Test I consisted of two orientation runs and two 
four-trial testing sessions. According to McCauliff , "two 
four-trial testing sessions would be sufficient to yield 
scores indicating a high degree of initial learning and 
85 the capacity for the performance of the test.. " Tests 
II and I l l  each consisted of one orientation run and one 
four-trial testing session. -The investigator assumed that 
a high degree of lea·rning had occurred during the per­
formance of Test I and that the allowance of an orienta­
tion run prior to Tests II and Il l was sufficient for 
reca 11. 
Procedures for the performance and administration 
of the McCauliff Agility Components Test may be noted in 
Appendix A. 
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CHAPTER IV 
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OF RESULTS 
CHAPTER IV 
ANALYSIS AND DISCUSSION 
OF RESULTS 
Organization of the Data for Treatment 
· The data were organized in a manner that permitted 
an analysis of the changes that occurred between each 
group ' s  means on three successive tests. The subjects 
were divided into five groups and an F ratio was computed 
to determine the significance of the differences among 
the groups. The changes in the groups ' agility, as 
measured by the McCauliff Agility Components Test, were 
used as the criterion for the analysis of the data 
re�orded between Tests I and II, Tests II and Ill and 
Tests I and III. The computational procedure followed to 
determine each F ratio was for a Completely Randomized 
Analysis of Variance Design. 86  When a F ratio was sig­
nificant, the Duncan Multiple Range Test was used to 
locate the significant differences between the respective 
87 groups. Raw scores for each of the thr�� tests may be 
noted in Appendices C, D and E. 
86James L. Bruning and B. L. Kintz, Computational 
Handbook of Statistics ( Glenview, Illinois: Scott, Fores­
man and Company, 1968),  pp. 22-25. 
871bid. , pp. 115-117. 
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Analysis of the Data 
Each subject ' s  fastest time on each of the three 
tests was used to compute the group means for the respec­
tive tests. The means and standard deviations of the 
groups are shown in Table I. Analysis of variance was 
computed using the change between each group's means as 
the criterion for the analysis. The limits which the F 
ratio must equal to achieve significance with four and 
forty-four degrees of freedom were 2. 5 9  and 3. 7 8  at the 
05 d 01 1 1 f f . d . 1 8 8  • an • eve s o con i ence respective y. The . 05 
level was selected as the minimum level of confidence for 
the acceptance of a significant difference. 
GROUP 
A 
D 
TABLE I 
MEAN AND STANDARD DEVIATION OF 
GROUP PERFORMANCES FOR 
TESTS I ,  11 AND Ill 
TEST I TEST II 
Mean s .  D. Mean s .  D. 
38. 28  2. 26 36. 08 2 o  78 
38. 66  2. 8 9  35. 01 2. 4 9  
38. 50 2. 2 9  36. 06 1. 71 
41. 15 3. 53  38. 52  2. 39  
38. 25 2. 55 36. 94 1. 95 
TEST Ill 
Mean . S .  D o 
35. 5 3  2. 42  
34. 14 2. 36 
35. 04 1. 7 8  
37. 17 1. 94 
36. 90 1. 87  
88Henry E. Garrett, Statistics in Psychology and 
Education ( New York: David McKay Company, Inc. , 196W, 
pp. 464-465. 
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The results of the analysis of variance for the 
changes among group means obtained from Tests I and II are 
shown in Table II. The mean time for each of the groups 
was faster in Test II than in Test I. The F ratio of 2. 7 3  
obtained from this portion o f  the data indicated a signifi­
cant difference among the groups at the . 05 level of con­
fidence s 
TABLE II 
ANALYSIS OF VARIANCE OF THE CHANGE 
IN GROUP MEANS BETWEEN 
TEST I AND TEST II 
Source of Sum of Degrees of Mean 
variance squares freedom squares 
Total 134. 7 0  48 
Between groups 26. 75  4 6. 69 
Within groups 107. 95 44 2. 45 
1(F . 05 (4/44) = 2 . 59 
. 0 1 (4/44) = 3. 7 8  
F* 
2 . 7 3 
The results of the Duncan Multiple Range Test 
analyzing the group mean changes between Test I and Test 
II are shown in Table III . The mean improvement of 3. 64 
seconds shown by Group B was significantly better than the 
l o 3 l second improvement shown by the control group (E) a 
No significant dif ferences between any of the other groups 
44 
were found through the multiple range comparison, al­
though the difference between Groups B and A approached 
significance at the . 05 level of confidence. 
GROUP 
E 
A 
C 
D 
B 
TABLE III 
RESULTS OF THE DUNCAN MULTIPLE RANGE TEST 
COMPARING THE CHANGE IN GROUP MEANS 
BETWEEN TEST I AND TEST II 
E A C D 
MEAN 
CHANGE 1. 3 1  2. 20 2. 44 2. 63  
1. 3 1 . 89 1. 13 1. 3 2  
2. 20 . 24 . 43 
2. 44 . 19 
2. 63 
3. 64 
B 
3. 64 
2. 33* 
1. 44 
1. 20 
1. 01 
*Indicates significance beyond the . 0 1  level of confidence. 
R2: . 05 
= L 4 3 R2: . 0 1  
= 1. 9 1  
R3: . 05 
= 1. 50 R3: . 0 1 
= 1. 99 
R4: . 05 
= 1. 55 R4: . 0 1  
= 2. 05 
R5: . 05 
= 1. 59 R5: . 0 1  
= 2. 09 
The results of the analysis of variance among mean 
changes between Tests II and Ill are shown in Table IV. 
The results indicate that, although there was improvement 
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in each group ' s  _performance, the mean difference in group 
changes was not great enough to merit significance at the 
. 05 level of confidence. 
TABLE IV 
ANALYSIS OF VARIANCE OF THE CHANGE 
IN GROUP MEANS BETWEEN 
Source of 
variance 
Total 
Between groups 
Within groups 
*F . 05 (4/44) = 
F . 0 1  (4 /44) = 
TEST II AND TEST III 
Sum of Degrees of 
squares freedom 
109. 19 48 
9. 8.8 4 
99. 3 1  44 
2. 59 
3. 7 8  
Mean 
squares 
2. 47 
2. 26  
F* 
1. 09 
Results of the analysis of variance comparing the 
changes among group means between Tests I and III �re 
shown in Table V. An F ratio of 3. 79 was found which was 
significant at the . 0 1  level of confidence. 
TABLE V 
ANALYSIS OF VARIANCE OF THE CHANGE 
IN GROUP MEANS BETWEEN 
Source of 
variance 
Total 
Between groups 
Within groups 
*F . 05 (4/44) = 
F . 01 (4/44) = 
TEST I AND TEST III 
Sum of Degrees of 
squares freedom 
228 . 41 48 
58 . 48 4 
16 9 . 93 44 
2 . 5 9 
3 . 78 
Mean 
squares 
14 . 62 
3 . 86 
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F* 
3 . 79 
The results of the Duncan Multiple Range Test 
analyzing the change between group means from Tests I and 
III are shown in Table VI. The statistical values obtained 
indicate that Groups B, D and C are all significantly bet­
ter than the control group (E). No significant difference 
was shown between Group A and Group E. A comparison of 
the mean changes between Group B and Group A appro&ched 
significance at the . 05 level of confidence. 
GROUP 
E 
A 
C 
D 
B 
TABLE VI 
RESULTS OF THE DUNCAN MULTIPLE RANGE TEST 
COMPARING THE CHANGE IN GROUP MEANS 
BETWEEN TEST I AND TEST III 
E A C D 
MEAN 
CHANGE 1 . 35 2 . -75 3 . 46 3 . 98 
1 . 35 1 . 40 2 .  1 1"'� 2 .  63-,h� 
2 .  7 5 • 7 1  1 . 23 
3 . 46 . 52 
3 . 98 
4 . 5 1  - -
*Signif icant at  . 05 level o f  conf idence .  
**Signif icant at  . 0 1 level o f  conf idence .  
R2 : . 05 
= 1 . 80 R2 : . 0 1 
= 2 . 41 
R3 : . 05 
= 1 . 89 R3 : . 0 1 
= 2 . 5 1 
R4 : . 05 
= 1 . 95 R4 : . 0 1 
= 2 . 58 
R5 : . 05 
= 2 . 00 R5 : . 0 1 
= 2 . 63 
47 
B 
4 . 5 1  
3 • 16-,'dc 
1 . 7 6 
1 . 05 
. 53 
Summary and Discussion of Results 
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The F ratio of 2. 7 3  obtained from the analysis of 
the group's mean changes between Tests I and II indicated 
that a significant difference between at least two groups 
had occurred. Results of the Duncan Multiple Range Test 
signified that only Group B was significantly better than 
the control group (E). Comparison of the remaining groups 
indicated that Group D improved the most while Group A 
improved the least of the experimental groups. Analysis 
of the mean changes between Groups B and A indicated that 
a significant difference was approached, though not 
achieved. The results imply that the sequence of agility 
· drills presented to Group B tended to improve agility at 
a ·much fa_ster rate than the treatments presented to Groups 
A, C and D. 
The lack· ,of significant change between Tests II and 
III, indicated by the F ratio of 1. 09, may possibly be 
attributed to the week of vacation that transpired during 
the four-week period. It was noted that Groups D and C 
each improved predominantly more than Group B during this 
phase of the study, according to the data obtained from 
Tests II and III. Group A improved the least of the 
experimental groups between these two �ests. 
Analysis of variance computed among the groups' 
mean changes between Tests I and III resulted in an F 
• 
4 9  
ratio of 3. 79, which achieved significance at the . 0 1  
level of confidence. The results of the Duncan Multiple 
Range Test provided statistical values which indicated 
that Groups B, , D  and C were all significantly better than 
the control group (E), although at different levels of con­
fidence. Group A �as not significantly better than the 
control group. The differen_ce in group mean improvement 
between Groups B and A approached significance at the . 05 
level of confidence. 
The significant statistical value obtained from 
analysis of variance and the results of the ensuing 
multiple range test among group mean changes between Tests 
I and II permitted the investigator to reject the null 
hypothesis. The statistical values obtained from the 
above measures between Tests I and III supported the 
rejection of the null hypothesis . Such evidence implies 
that agility can be improved to a greater extent through 
the performance of the carioca, running hand-touch and 
forward-backward sprint when compared to other recommended 
agility drills. 
The conclusion that agility can be significantly­
improved through training is contrary to the results 
obtained by Tschetter , who attempted to improve the agility 
of his subjects through selected football drills. Tschet­
ter utilized different drills and administered a different 
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test than were utilized and .administered within the 
limitations of this study, which may have contributed to 
h . f f . ct · 89 t e variance o in ings. 
The results obtained from this study are somewhat 
comparible to those of Callahan and Brown, who conducted 
an oft-season football conditioning program at the Uni­
versity of Cincinnati and determined that agility · could 
. 
· 
90 be :unproved. Chambers presented statistical data which 
indicated that his subje�ts ' agility could be significantly 
improved through basketball practice procedures, and he 
also found that ankle weights made little difference con-
. h . . f .  . 91 cerning t e signi icant gain. 
Beise and Peaseley determined that agility could 
not be significantly improved through tennis, golf and 
h . . . 92 arc ery activities. The conclusions formulated by Beise 
89 Douglas Lee 
'Football Drills upon 
thesis, South Dakota 
p. 23. 
Tschetter, "The Effects of Selected 
Agility" (unpublished Master ' s  
State University, Brookings, 1965), 
90Ray Callahan and Joe Brown, "The University of 
Cincinnati' s Winter Conditioning Program, " Summer Manual, 
American Football Coaches Association, 1968, pp. 18-22. 
9 1Toeodore A. Chambers, "The Effect of Wearing 
Ankle Weights upon Running Agility of Junior High School 
_ Boys" (unpublished Master' s thesis, State University of 
Iowa, Iowa City, 1966), p. 22. 
92  . d v ·  . . Dorothy Beise an irginia 
9f Reaction Time, Speed and Agility 
to Certain Sports Skills, " Research 
March, · 1969. 
Peaseley, "The Relation 
of the Big Muscle Groups 
Quarterly, 40:71-75, 
5 1  
and Peaseley, although contradictory to the results 
obtained in this study, were accepted by this investigator 
without question due to the deficiency of running and 
change of . direction components necessary for proficiency 
in golf and archery. 
The results of this study concur with the findings 
of Hilsendager, .Strow and Ackerman, who determined that 
agility can ·best be improved through the administration of 
drills and exercises designed especially for the develop­
ment of agility. That particular conclusion negated their 
original hypothesis, that variance in agility could be 
accounted for by the interacting of speed and strength. 93 
The results of this study build upon the conclusions of 
Hilsendager, Strow and Ackerman, in that variance was shown 
among selected drills that have been utilized with the 
purpose of improving or developing agility. 
Within the experimental design and limitations of 
this study, Group B changed more significantly than the 
. remaining four groups. This may be due to the experimental 
treatment performeq by Group B, which included much more 
controlled sprinting than any of the other experimental 
93nonald R. Hilsendager, Malcolm H. Strow and Ken­
neth J. Ackerman, "Comparison of Speed ; Strength and 
Agility Exercises in the Development of Agility, " Res·earch 
Quarterly, 40: 71-75, March, 1969. 
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treatments. Correct performance of the carioca, the run­
ning hand-touch, and the forward-backward sprint required 
that the subjects of Group B maintain a low center of 
gravity and good body control while moving rapidly and, 
in the case of the forward-backward sprint, changing 
direction. This factor may have influenced Group B ' s  per­
formance on the McCauliff Agility Components Test, where 
the maintenance of good body control is a vital factor in 
optimal performance. 
The ability of Groups D and C to improve signifi­
cantly over the control group between Tests I and Ill was 
interesting to note, since neither group had significantly 
changed over the control group between Tests I and II. The 
variability in group improvement may be attributed to the 
individual treatments assigned to the four experimental 
groups. 
The investigator feels that the extreme number of 
drills performed during each of Group D's treatments 
required a longer adjustment period before correct per­
formance of the drills and maximal gains in agility could 
be achieved. The subjects of Group C were administered· 
a ninety-second rope skipping drill durini each of the 
twenty-one treatment periods. It was observed that a 
number of the subjects were not proficient rope skippers 
during the initial phase of the study, and that varying 
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periods of time were necessary to develop that particular 
skill. Perhaps more time should have been expended with 
the groups prior to the onset of experimental treatments 
in an attempt to coach the correct performance of their 
respective agility drills. 
·The less structured agility drill period assigned 
to Groups C and D, due to the inclusion of the rope skip 
drill, as well as the large number of drills performed 
by Group D may have prevented pococurantism among the 
subjects of those groups. This factor may have enabled 
those groups to continue their improvement throughout the 
entire period of the study. Group B may have reached its 
peak of improvement early due to the regimental running 
drills incorporated within each treatment period; and it 
may have remained close to that plateau for the same 
reason. 
The inability of Group A to significantly change 
over the control group was of interest to the investigator. 
The failure of the group to improve, according to the 
limitations of this investigation, may imply that the 
upright and four-point variations of the wave drill are· 
not valid agility drills. Also, the subjects of Group A 
may not have been a representative samp,le of the true 
population according to the design and limitations of this 
54 
design and limitations of this study. However, it may have 
been that the investigator required that too many repeti­
tions of the change of direction factor be administered 
during each set of the wave drill. 
CHAPTER V 
SUMMARY , CONCLUSIONS AND RECOMMENDATIONS 
CHAPTER V 
SUMMARY , CONCLUSIONS AND RECOMMENDATIONS 
Summary of Study 
The purpose of this study was to compare the effect� 
of selected drills upon the improvement of agility as 
measured by the McCaulif f A�-i li ty Components Test. 94 
Subjects incorporated in this study were forty-nine 
male volunteers selected from five basic instruction 
physical education classes at South Dakota State Uni­
versity. No subject had competed on any intercollegiate 
athletic team. The subjects participated in their basic 
physical education classes throughout the entire period 
of the study. The subjects were divided into five groups, 
designated A, B, C, D and E, and each group was randomly 
assigned an experimental treatment. 
Through reading, consultation, association and 
experience with men of the physical education and athletic 
coaching profession, the investigator selected the drills 
whose effects were investigated within the design and 
limitations of this study. The drill sequences were 
94
c .  Elizabeth McCauliff, "A Te;t of Selected 
Ag i l ity Components" (unpublished Doctoral dissertation, 
Springfield College, Springfield, Ma ssachusetts, _ 1968 ) ,  
pp. 1-97.  
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designated: Group A, upright and four-point wave drill; 
Group B, carioca, running hand-touch and forward-backward 
sprint; Group C, bench jumping, rope skipping and quarter­
eagle pivot drill ; Group D, which was administered a 
combination of all the drills assigned to Groups A, B and 
C ;  and Group E, which served as a control group and was 
not administered any experimental treatment. 
Pilot studies were conducted prior to the onset of 
experimental treatments to support the investigator ' s  
establishment of the particular time sequences as well as 
the number of sets and repetitions used in the administra­
tion of the selected drills. The experimental groups 
(A, B, C, D) participated in a seven-week training program 
during which they met three times weekly. Each treatment 
lasted five minutes and the sequential arrangement of 
drills remained constant during the entire period of the 
study. 
The McCauliff Agility Components Test was admin­
istered on three predesignated occasions during the study. 
Times for the test were recorded to the nearest tenth of 
a second, and each subject's fastest time for each of the 
three tests was used in computing group means for the 
respective tests. Test I was administered on February 23 
and 25, 1969, prior to the onset of experimental treat­
ments. An orientation run and four timed trials were 
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administered on each of the above dates, and each subject ' s  
fastest time from the eight trials was used to compute the 
group means. Test II was administered on March 25, 1969, 
following four weeks and a total of twelve treatment 
periods. Test II consisted of one orientation run and 
four timed trials. Test III was administered on April 29, 
1969, following seven weeks -0f treatment. Test III con­
sisted of one orientation run and four timed trials over 
the test pattern. 
The statistical techniques used to treat the data 
were analysis of variance and a multiple range comparison. 
Analysis of variance was computed to test for the signi­
ficance of the differences among group mean changes between 
Test I and II� II and III, and I and III. The multiple 
range comparison was utilized when the computed F ratio 
was found to be significant at or beyond the . 05 level of 
confidence. 
Analysis of variance computed among the mean changes 
of the five groups between Test I and Test II resulted in 
an F ratio that was significant at the . 05 level of con­
fidence, indicating that a significant difference existed 
between the groups. Evaluation of the mean changes through 
the multiple range comparison indicated_ that Group B was 
significantly better than the control group ( E) at the 
. 01 level of confidence. No significant differences 
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between the other groups were found through the multiple 
range comparison, although the difference between Groups 
B and A approached significance at the . 05 level. The 
results also indicated that Group D changed more than 
Group C. 
· - Analysis of variance computed among the group mean 
changes between Tests II and III indicated that, although 
each group improved · its perfonnance, the mean changes were 
not great enough to merit significance at the . 05 level 
of confidence. The lack of significant change during this 
phase of the study may possibly be attributed to the week 
of school vacation that was included within this particular 
treatment period. Groups D and C each improved more than 
Group B during this portion of the study. 
Analysis of variance computed among the groups' 
mean changes between Tests I and Ill resulted in an F ratio 
which was significant at the . 01 level of confidence. The 
results of the multiple range comparison provided statis­
tical values indicating that Groups B, D and C were sig­
nificantly better than the control group (E). Group A 
was not significantly different from the control group. 
The difference in group mean improvement between Groups 
B and A approached significance at the . 05 level of con-
fidence. 
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-The significant statistical value obtained from 
analysis of variance and the results of the ensuing mul­
tiple range comparison among group mean changes between 
T�sts I and ·11 enabled the investigator to reject the 
null hypothesis. The statistical values obtained from 
the above measures between Tests I and III supported the 
rejection of the null hypoth�sis. 
Conclusions 
Within the limitations described in this study, the 
following conclusions appear warranted. 
l a Agility cari be significantly improved through 
selected training programs designed with the 
purpose of improving agility. 
2. Agility can be improved to a gre�ter extent 
3 .  
through 
dril,:ls 
. ' 
Agi.lity 
through 
drills 
the performance of 
as opposed to other 
can be improved at 
the performance of 
as opposed to other 
certain agility 
agility drills. 
a greater rate 
certain agility 
agility drills • . 
Recommendations 1E£. Further Study 
Based on the findings of this study, the investi­
gator proposes the following recommendations for further 
study : 
6 1  
1 .  That studies be conducted to measure the 
effects of various types of conditioning on 
the performance of the McCauliff Agility Com­
ponents Test. 
2 .  That a similar study be conducted allowing 
for the administration of a retention test 
succeeding a deco�ditioning program . 
3. That a similar study be conducted allowing 
for a longer orientation period in order to 
coach correct performance of the drills incorpo­
rated within the training program. 
4 .  That a similar study be conducted employing 
athletes as subjects for the study. 
5. That similar studies be conducted varying the 
length and number of treatments incorporated 
within the training program. 
6. That similar studies be conducted utiliz�ng 
other suggested agility drills within the 
training program. 
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AGILITY COMPONENT BREAKDOWN S 
1. Change of Level Patterns of Movement. Figure 1 shows 
a test pattern which requires the subject, at the 
beginning of the test, to arise from a supine position 
in which his heels are behind the sta.rting line 1!. and 
place both feet in the square b on the mat. This 
same pattern is utilized at the end of the test when 
the subject is required to land in the square b on 
the mat with two feet and reach forward to tag the 
finish line c with one hand. 
b a 1 ' 
Start 
5 ,  
Finish 2 '  
FIGURE 1 
CHANGE OF LEVEL TE ST PATTERN 
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2. Lateral Pattern of Movement. Figure 2 shows a test 
pa�tern which requires the subject to leap from the 
center square to the left or right to land in square 
� or b  w ith two feet, shuffle laterally through the 
rectangle c or d  by side-stepping, tag beyond the end 
line with one foot, shuffle back to land in the con­
nected square � or b wi-th two feet, leap laterally to 
the center square, leap laterally to the next square 
� or b  and tag beyond the line with one foot, shuffle 
back to land in the connected square ,2. or b and leap 
laterally, landing in the center square w ith two feet. 
8 '  8 '  
FIGURE 2 
LATERAL MOVEMENT TEST PATTERN 
3. Rotational Pattern of Movement. Figure 3 shows a 
test pattern which requires the subject to complete 
a four-point forward or reverse pivot after landing 
in the center square with two feet . Either the left 
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or right foot may be kept stationary . Assuming the 
left foot remains stationary, the subject would tag 
line b with his right foot to begin the forward p ivot 
( line £ for the reverse pivot), return to tag the 
center square, tag line A ( line d for reverse p ivot), 
return to tag the center square, and so forth in the 
direction of the pivot to be comp leted (line d, then 
.£ for forward pivot ; line A•  then b for reverse 
pivot), until the four-point pivot is comp leted. 
a A  
' 
'rg( 
/ 
/ 
/ 
/ 
/ 
/ 
' 2 . 5 1 
C 
F IGURE 3 
ROTAT IONAL MOVEMENT TEST PATTERN 
4 . Forward Diagonal Pattern of Movement . Figure 4 shows 
a test pattern which requires the subj ect to land in 
the first square with two feet and run forward through 
7 1  
an ordered series of squares, � '  b, c, d, �, .f which 
are placed alternately to the right and left. Each 
square must be touched by both feet at the same time, 
but both feet need not necessarily enter the squares 
simultaneously o 
0 
GJ 
F IGURE 4 
FORWARD D IAGONAL MOVEMENT TE ST PATTERN 
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5. Change of Direction Patterns of Xovernent . Figure 5 
shows a test pattern which requires the subject to 
start in the center square with two feet and run and 
tag each of the numbered squares with one foot . Num ­
bered squares must be tagged in numerical order, with 
th� subject returning to the center square with two 
feet after each tag. In the running of this pattern, 
the subject is required to make six different angular 
changes of direction to the right and left . 
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Perfonnance Procedure for Agility Test 
The specific procedure for performing the agility 
component test was as follows: 
1 .  The subject lies in a supine position, heels 
behind the starting line; one ann at his side 
and the other bent at the elbow so that the 
forearm is perpendicular to the mat. At the 
signal, "I am ready when you are, " from the 
timer, the subject slaps the mat with his 
hand and the watch is started. Head and 
shoulders must remain in contact with the mat 
until the slap is made. 
2. The subject gets up, places both feet in the 
square on the mat at the starting line and 
leaps forward to land with two feet in the 
next square which is marked on the testing 
floor. 
3. From the first square on the testing floor, 
the subject leaps laterally (left or right), 
landing with two feet in the next square , 
shuffles laterally to the end qf the rectangle 
by side-stepping, tags beyond the line with 
one foot , shuffles back to land with two f�et 
in the attached square, repeats the shuffle­
tag procedure to land with two feet in the 
attached square and returns to the center 
square with two feet by means of a lateral 
leap. 
4. The subject leaps forward, landing with two 
feet in the next square, then _leaps forward 
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a second time to land with two feet in the 
center square of' the forward pivot test pat­
tern. Stepping diagonally forward with either 
foot, he tags the line, returns foot to center, 
tags second line with the same foot by pivot­
ing forward a quarter-tum, returns, tags 
third line, returns, tags fourth line, returns 
and leaps forward, landing with two feet in 
the next square. 
5. The next seven squares are traversed by for­
ward diagonal leaps, alternating right and 
left. Each square must be touched by both 
feet at the same time, but both feet need not 
necessarily enter the square simultaneously. 
6. The subject forward leaps to land in the next 
square with two feet. He then forward leaps 
again, landing with two feet in the center 
square of the change of direction test pat-
tern. 
7 .  From this point the subject runs to square 
number one, tags it with one foot, returns to 
tag the center square with two feet, runs to 
square two, tags it with one foot, returns to 
the center square with two feet, and continues 
in this manner until all six squares have been 
tagged in numerical order and the subject has 
returned to the center square with two feet 
and his body positioned to repeat the . forward 
diagonal test pattern. 
8 .  The subject leaps forward, landing in the next 
square with. two feet . He then leaps forward 
to land in the next square with two feet, 
repeats the seven forward diagonal leaps and 
forward leaps once, landing with two feet in 
the center square of the reverse pivot test 
pattern .  
9 0 The subject steps diagonally backward with 
either foot, returns foot to center, tags the 
second line with the same foot by pivoting . to 
the rear a quarter-tum, returns, tags third · 
line, returns, tags fourth line and returns 
his foot to the center squar�. 
7 5  
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10. The subject leaps forward to land in the next 
square with two feet . He then leaps forward 
a second time to land in the next square with 
two feet. A third forward leap places the 
subject with two feet in the square marked 
on the mat. From this position he reaches 
forward or leap� to a squat, all-fours or 
prone position to tag the finish line with 
one hand and stop the watch. 
Note: The material in Appendix A has been reproduced 
from the doctoral dissertation of C. Elizabeth 
McCauliff entitled "A Test of Selected Agility 
Components, " pages 28-38. 
Interval 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13  
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23  
24 
25 
26 
27 
;'(Seconds 
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TABLE VII 
COMPLETE TREATMENT BREAKDOWN 
GROUP A . 
'Time* Activity 
15 Upright Wave 
5 Change-Over 
15 Upright Wave 
10 Change-Over 
15 Upright Wave 
5 Change-Over 
15 Upright Wave 
10 Change-Over 
10 Upright Wave 
10 Change-Over 
10 Upright Wave 
15 Change-Over 
10 Upright Wave 
10 Change-Over 
10 Upright Wave 
20 Change-Over 
10 Four-Point Wave 
10 Change-Over 
10 Four-Point Wave 
15 Change-Over 
10 Four-Point Wave 
10 Change-Over 
10 Four-Point Wave 
15 Change-Over 
10 Upright Wave 
5 Change-Over 
10 Upright Wave 
7 7  
.. Sub- Total 
Group Times* 
I 15 
20 
II 35 
45 
I 60 
65 
II 80 
90 
I 100 
1 10 
II 120 
135 
I 145 
155 
II 165 
185 
I 195 
205 
II 2 15 
230 
I 240 
250 
II 260 
275 
I 285 
290 
II 300 
Interval 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10  
1 1  
1 2  
1 3  
14  
1 5  
1 6  
1 7 
1 8  
1 9  
20 
2 1  
2 2  
2 3  
24 
25  
26  
27 
* Seconds 
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TABLE VIII 
COMPLETE TREATMENT BREAKDOWN 
GROUP B 
Time* Activity 
1 5  Right Carioca 
5 Recovery 
1 5  Left Carioca 
. 5  Recovery 
1 5  Right Carioca 
5 Recovery _ 
1 5  Left Carioca 
1 0  Recovery 
1 0  Right Carioca 
5 Recovery 
1 0  Left Carioca 
5 Recovery 
1 0  Right Carioca 
5 Recovery 
10  Left Carioca 
1 5  Change-Over 
1 0  Running Hand-Touch 
5 Recovery 
10  Running Hand-Touch 
5 Recovery 
10  Running Hand-Touch 
5 Recovery 
1 0  Running Hand-Touch 
1 5  Change-Over 
30 Forward-Backward Sprint 
1 5  Recovery 
30 Forward-Backward Sprint 
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Sub- Total 
Group Times* 
I '  II 1 5  
20 
I, II 35 
40 
I '  II 55 
60 
I, II 75 
85  
I, II 95 
1 00 
I ' II 1 1 0 
1 1 5  
I '  II 1 25 
1 30 
I, II 140 
1 55 
� '  II 1 6 5  
1 70 
I '  II 1 80 
1 8 5  
I ' II 1 95 
200 
I , II 2 1 0 
2 2 5  
I '  1 1 . 255 
270 
I '  1 1  300 
Interval 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
-;'( Seconds 
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TABLE IX 
COMPLETE TREATMENT BREAKDOWN 
GROUP C 
Time-;'( Activity 
15 Bench Jump 
5 Change-Over 
15 Bench Jump 
5 Change-Over 
15 Bench Jump 
5 Change-Over 
15 Bench Jump 
5 Change-Over 
15 Bench Jump 
5 Change-Over 
15 Bench Jump 
10 Change-Over 
90 Rope Skip 
10 Change-Over 
10 Quarter-Eagle Pivot 
5 Change-Over 
10 Quarter-Eagle Pivot 
5 Change-Over 
10 Quarter-Eagle Pivot 
5 Change-Over 
10 Quarter-Eagle Pivot 
5 Change-Over 
5 Quarter-Eagle Pivot 
5 Change-Over 
5 Quarter-Eagle Pivot 
7 9  
Sub- Total 
Group Time7( 
I 15 
20 
II 35 
40 
I 55 
60 
II 75 
80 
I 95 
100 
II 115 
125 
I '  II 215 
225 
I 235 
240 
II 250 
255  
I 265 
270 
II 280 
285 
I 290 
295 
II 300 
Interval 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
1 1  
1 2  
1 3  
1 4  
15  
1 6  
1 7  
18  
1 9  
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29  
·kseconds 
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TABLE X 
COMPLETE TREATMENT BREAKDOWN 
GROUP D 
Time•k Activity 
1 5  Bench Jump 
5 Change-Over 
15  Bench Jump 
1 0  Change-Over 
10  Upright Wave 
5 Change-Over 
1 0  Upright Wave 
1 0  Change-Over 
1 0  Upright Wave 
5 Change-Over 
1 0  Upright Wave 
1 0  Change-Over 
30 Rope Skip 
1 0  Change-Over 
1 0  Quarter-Eagle, Carioca 
5 Change-Over 
1 0  Quarter-Eagle, Carioca 
1 0  Change-Over 
1 0  Quarter-Eagle, Carioca 
1 0  Change-Over 
1 0  Quarter-Eagle, Carioca 
10 Change-Over 
1 0  Four-Point Wave 
1 0  Change-Over 
1 0  Four-Point Wave 
1 0  Change-Over 
1 0  Forward-Backward Sprint 
1 0  Change-Over 
1 0  Forward-Backward Sprint 
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Sub- Total 
Group Times-I" 
I 15 
20 
II 35 
45 
I 55 
60 
II 7 0  
80 
I 90 
95 
II 105 
1 15 
I '  II 145 
155 
I 165 
1 70  
II 180 
1 90 
I 200 
2 10 
II 220 
230 
I 240 
250 
II 260 
270  
I 280 
290 
II 300 
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TABLE XI 
RECORDINGS OF PERFORMANCE* 
TRIALS 1 -8 , TEST I, GROUP A 
Name Tria l Trial Trial  Tria l Trial  Trial  Trial  Trial  Best Time 
2 3 4 5 6 7 8 Test I 
G .  B .  45. 1 46. 6 37 . 5  37 . 3 42. 2 43. 6 40. 2 40. 6 37 . 3 
B I  H .  60. 3 54. 6  42. 1 44. 7 47 . 9 47 . 2 40. 2 38. 7 38. 7 
E ,  L. 42. 1 39. 3 38. 4 38 . 8 39. 5 42. 8 40. 5 37 . 4  37 . 4  
R .  M .  48. 5 41 . 3  44. 7 43. 6 41 . 1  41 . 9  38. 2 38. 7 38 . 2 
A .  R .  42. 9 37 . 9 37 . 2  36. 3 37 . 8  3 7 . 7 38 . 6  36 . 2 36. 2 
J .  s .  52. 3  42. 2 41 . 7  40. 2 49. 2 42. 9 43. 2 42. 2 40. 2 
J .  T • 45. 0 45. 0 39. 1 37 . 6  45. 3 39. 3 35. 3 39. 6 35. 3 
D .  T .  47 . 2  45. 6 39. 5 39. 7 41 . 4  41 . 8  39. 5 37 . 9  37 . 9 
G .  W .  .43. 4 42. 9 39. 0 37 , 7  43. 5 41 . 2  39. 7 37 . 9 37 . 7 
· D .  W .  52. 4 50. 0  51 . 8  48 . 9 48 . 8 45. 1 43. 9 · 44. 3 43. 9 
Mean , 38. 28 
S .  D .  2. 26 
*A l l  times recorded to nearest . 1  second . 
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TABLE XII 
RECORDINGS OF PERFORMANCE* 
TRIALS 1 -8 , TEST I, GROUP B 
Name Tria l Trial  Trial Trial Trial  Trial  Tria l Trial  Best  Time 
2 3 4 5 6 7 8 Te st I 
B I  B I  50 . 0  45 . 4  44 . 3  42 . 9  48 . 7  43 . 3  4 1 . 0  38 . 7  38 . 7  
s I G I  47 . 9  47 . 7  44 . 8  44 . 6  5 1 . 8  44 . 4  44 . 0  5 1 . 0  44 . 0  
s .  L .  50 . 0  40 , 3  44 . 1  37 . 8  4 1 . 7  43 . 8  3 9 , 2  36 . 0  36 . 0  
B I  M .  46 . 9  4 1 . 8  43 . 9  38 . 7  50 . 6  45 . 5  47 . 9  40 , 2  38 , 7  
G ,  O . 45 . 0  42 . 7 44 . 8  39 . 8  43 , 0  44 . 5  ' 39 , 0  46 . 0  3 9 . 0  
s I s I 36 . 4  38 , 0  37 . 2  37 . 5  34 . 7  38 , 3  40 . 9  34 . 3  34 . 3  
M .  S .  59 . 9  50 . 4  50 . 3  43 . 3  43 . 1 37 , 0  3 9 . 6  37 . 7  37 . 0  
B .  , S .  48 . 6  45 . 0  44 . 8  46 . 7  49 . 2 5 1 . 1  46 . 2  43 . 0  43 . 0  
K .  W .  . 49 . 7 42 . 1  37 , 9  37 . 2  42 . 5  45 . 3  4 1 . 1  46 . 1  37 . 2  
Mean 38 . 66 
s .  D I  2 . 89 
*Al l  times recorded to nearest . 1  second . 
Name 
T .  B .  
R .  H .  
G .  H .  
G .  L .  
R .  M .  
T .  O .  
D .  p .  
G .  ,S . 
T .  S .  
D .  s I 
Mean 
s I D I  
Tria l Tria l 
2 
41 . 0  40 . 9  
46 . 9  41 . 8  
48 o 2  38 . 4  
43 . 6  42 . 8  
46 . 6  45 o 2  
39 . 3  41 . 3 
54 . 6  45 0 8  
42 o 7  42 . 7  
. 44 . 0  44 . 0  
43 . 1  43 . 9  
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TABLE XIII 
RECORDING S OF PERFORMANCE* 
TRIAL S 1-8, TEST I, GROUP C 
Tria l Tria l Tria l Tria l 
3 4 5 6 
37 o l  36 . 0  39 . 5  38 . 2  
40 . 2  38 . 7  47 . 2  41 . 5  
48 . 0  40 . 6  43 . 4  39 . 6  
43 . 8  43 . 7 54 . 0  45 . 9  
41 . 8  43 . 3  46 . 5  38 . 7  
38 . 7  41 . 9  44 . 1  37 . 5 
43 o l  42 . 6  46 . 8  45 . 3  
39 . 3  41 . 5  36 . 1  36 . 4  
44 o 2  51 . 5 42 . 1  41 . 9  
43 . 6  41 . 7  4L 4 41 . 4  
*A ll  times recorded to nearest  . 1  second . 
Tri a l  Tria l Best  Time 
7 8 Test  I 
36 . 3  37 . 5 36 0 0  
40 . 8  40 . 0  38 . 7  
36 , 9  43 . 1  36 . 9  
45 o 5  4L 9 41 . 9  
'.39 . 7  37 . 3  37 . 3  
39 . 7 36 . 2  36 . 2  
46 . 9  43 . 4  42 . 6  
36 , 3  40 . 5  36 . 1  
40 . 8  39 . 5 39 . 5  
41 . 9  39 0 8 39 . 8  
38 . 50 
2 . 29 
Nam e Trial Trial  
1 2 
L .  A .  53 . 3  44 . 5  
S .  B .  44 . 4  41 . 5  
L .  B .  59 . 9  54 . 0  
W ,  G .  59 . 2  54 . 7 
G .  N .  60 . 5  5 1 . 8  
C . P .  62 . 5  53 . 3  
J .  V • 5 1 .  9 43 . 8  
s .  w .  47 . 2  42 . 3  
R . W . 5 1 .  2 45 . 9  
. L .  Z .  58 . 4  50 . 9  
Mean 
S .  D .  
APPEND IX C 
TABLE XIV 
RECORD INGS OF PERFORMANCE* 
TR IALS 1-8, TEST I, GROUP D 
Tria l Tria l Trial Tria l 
3 4 5 6 
43 . 1  44 . 6  39 . 5  42 . 9  
42 . 5  41 . 7  40 . 8  37 . 7  
54 . 7 5 1 .  7 5 5 . 0  46 . 7  
50 . 7  40 . 9  48 . 5  42 . 4  
47 . 6  42 . 9  40 . 0  41 . 8  
47 . 8  42 . 3  5 2 . 9  48 . 7  
42 . 7  43 . 1  47 . 1  40 . 8  
41 . 4  42 . 0  41 . 3  47 . 5  
47 . 4  46 . 9  53 . 2  48 . 3  
49 . 1  47 . 1 47 . 1  47 . 8  
*A l l  t imes  recorded to nearest . 1  second . 
Tria l Tr ia l  Best T im e  
7 8 Test I 
39 . 1  36 . 9  36 . 9  
37 . 8  39 . 1 37 . 7  
50 . 9  46 . 7  46 . 7  
43 . 8  43 . 4  40 . 9  
/ 4 1 . 9 39 . 3 39 . 3  
41 . 8  41 . 3  41 . 3  
40 . 0  40 . 4  40 . 0  
38 . 3  37 . 2  37 . 2  
46 . 5  46 . 5  46 . 5  
49 . 5  45 . 0  45 , 0  
4 1 . 1 5  
3 . 53 
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TABLE 'XV 
RECORDINGS OF PERFORMANCE* 
TRIALS 1 -8 ,  TEST I, GROUP E 
Name Tria l Tria l Tria l Tria l Trial Tria l Tria l  Tria l Best Time  
2 3 4 5 6 7 8 Test  I 
D .  K. 53 . 0  52 . 8  47 . 9  5 1 . 4  50 . 4  40 . 2  43 . 1  42 . 4  40 . 2  
T ,  K .  59 . 8  50 . 6  47. 8 44 . 1  46 . 1  48 . 5  45 . 2  40 . 0  40 . 0  
D .  L .  40 . 0  41 . 7  44 . 4  37 . 3 39 . 4  39 . 2  38 . 7  35 . 0  35 . 0  
D. M .  44 . 7  47 . 4  42 . 0  41 . 9  37 . 3 38 . l  3 9 . 3 40 . 0  37 . 3 
K .  N .  57 . 2  52 . 9  48 . 9  50 . 3  50 . 9  44 . 9  I 41 . 8  39 . 1 39 . 1  
D .  o .  48 . 7  49 . 0  50 . 6  43 . 8  47 . 4 46 . 8  54 . 0  52 . 3  43 . 8  
D .  P .  42 . 5  50 . 4  49 . 0  4 1 . 2  40 . 4  43 . 9  42 . 0  37 . 4 37 . 4 
R . , R .  43 . 2  44 . 7  48 . 0  37 . 9 42 . 3  4 1 . 2 40 . 1  39 . 0  37 . 9 
D .  R .  50 . 4  42 . 2  38 . 1  39 . 2  4 1 . 1  37 , 6  37 , 9  37 . 2 37 . 2 
M .  S .  39 . 6  39 . 9  36 . 9  34 . 6  50 . 8  42 , 9  34 . 6  37 . 9 34 . 6  
Mean 38 . 25 
S. D .  2 . 5 5 --
*Al l  times · recorded to nearest . 1  second . 
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TABLE XVI 
RECORDINGS OF PERFORMANCE* 
TRIALS 1-4 , TEST II , GROUP A 
.l,. 
Name Tria l Tr ia l Tria l Tria l Best Time 
1 2 3 4 Tes.t II 
G .  B .  38 . 3  34 . 4  34 . 8  34 . 0  34 . 0  
B .  H .  45 . 6  40 . 7  39 . 2  39 . 5  39 . 2  
E .  L .  38 . 2  37 . 3  43 . 1  40 . 4  37 . 3  
R .  M .  38 . 5  36 . 7  40 . 2  35 . 1  35 . 1  
A .  R .  35 . 9  34 . 4  33 . 4  36 . 5  33 . 4  
J .  s .  37 . 8  36 . 2  33 . 7  33 . 6  3 3 . 6  
J .  T .  36 . 4  33 . 8  33 . 9  35 . 1  33 . 8  
D .  T . 43 . 0  37 . 0  35 . 2  35 . 9  35 . 2  
G . w .  39 . 5  38 . 8  37 . 0  36 . 7  36 . 7  
D .  w .  47 . 8  44 . 7  45 . 1  42 . 5  42 . 5  
Mean 36 . 08 
s .  D .  2 .- 7 8 
*A l l  times recorded to neare st . 1 second . 
Name Tria l 
B .  B .  4 1 . 2  
s .  G .  4 1 . 4  
s. L .  37 . 0  
B .  M .  4 1 . 3 
G .  o .  39 . 6  
s. s .  34 . 1  
-
M .  s .  35 . 8  
B .  s. 39 . 9  
K . w .  36 . 9  
Mean 
s .  D .  
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TABLE XVII 
RECORD INGS OF PERFORMANCE* 
TR IALS 1-4 , TEST I I , GROUP B 
Tria l Tria l Tria l 
2 3 4 
38 . 3 35 . 2  34 . 7  
40 . 1  37 . 3  38 . 6  
35 . 3  35 . 2  33 . 2  
38 . 3 36 . 0  34 . 2  
39 . 5  38 . 3 37 . 2  
32 . 1  32 . 9  3 1 . 5  
37 . 3  34 . 6  34 . 6  
40 . 6  41 . 0  39 . 8  
. 38 . 9  33 . 7  32 . 6  
*Al l  t im e s  recorded t o  neare st . 1  second . 
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Best  T im e  
Test  I I  
34 . 7  
37 . 3  
33 . 2  
34 . 2  
37 . 2  
3 1 . 5  
34 . 6  
39 . 8  
32 . 6  
35 .-0 1  
2 . 49 
Name Tria l 
1 
T .  B .  40 t 5 
R .  H .  43 . 3  
G .  H .  40 . 6  
G .  L .  38 . 1  
R .  M .  39 . 7  
T .  o .  38 . 8  
D .  P .  43 . 8  
G .  s .  36 . 0  
T . s .  4 1 . 0  
D .  s .  43 . 4  
Mean 
s .  D .  
APPENDIX D 
TABLE XVIII 
RECORDINGS OF PERFORMANCE* 
TRIALS 1-4 , TEST II, GROUP C 
Tria l Tria l Tria l 
2 3 4 
37 . 7  34 . 2  34 . 2  
38 . 8  37 . 4  36 . 7  
35 . 3  42 . 1  35 . 0  
39 . 9  38 . 6  37 . 3  
35 . 4 35 . 4  34 . 5  
37 . 0  36 . 4  34 . 9  
40 . 3  38 . 4  39 . 2  
33 . 8  35 . 9  35 . 8  
38 . 6  37 . 0  37 . 5  
40 . 4  40 . 9  38 . 8  
*Al l  t imes recorded to nearest . 1  second . 
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Best  T ime 
Test II 
34 . 2  
36 . 7  
35 . 0  
37 . 3  
34 . 5  
34 . 9  
38 . 4  
3 3 . 8  
37 . 0  
38 . 8 
36 . 06 
1 . 71 
Name Trial 
1 
L. A. 42 . 3  
s .  B .  39. 0 
L. B. 45. 3 
B. G. 43. 8 
G ,  N. 37. 9 
c .  P .  45. 7 
J. v .  41. 1 
s .  w .  39. 1 
R. w. 45. 7 
L. z. 43. 4 
Mean 
s. D .  
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TABLE XIX 
RECORD INGS OF PERFORMANCE;', 
TR IALS 1-4 , TEST II, GROUP D 
Trial Trial Trial 
2 3 · 4 
38. 4 37. 3 37. 1 
36. 6 38. 0 36. 1 
41. 7 42. 0 42. 6 
39. 6 43. 5 40. 5 
39 . 7  37. 2 37. 1 
37 . 6  40. 5 37. 8 
40. 7 37. 8 36. 5 
36. 4 35. 8 37. 1 
42. 1 42. 8 40. 9 
43 . 6  43. 4 42. 8 
*All times recorded to nearest . 1 second . 
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Best Time 
Test II 
37 . 1  
36. 1 
41 . 7  
39. 6 
37 . 1  
37 . 6  
36 . 5  
35 . 8  
40. 9 
42. 8 
38 . 52 
2 . 39 
Name Tria l 
1 
D .  K .  43 . 7  
T o K .  40 . 2  
D .  L .  38 . 6  
D .  M .  36 . 1  
K .  N .  44 . 2  
D .  o .  46 . 2  
D .  P .  40 . 1  
R .  R .  43 . 2  
D .  R o  39 . 6  
M .  s .  40 . 4  
Mean 
s .  D .  
APPENDIX D 
TABLE XX 
RECORDINGS OF PERFORMANCE* 
TRIALS 1-4, TEST II, GROUP E 
Tria l Tria l Tria l 
2 3 4 
41 . 2  39 . 8  38 . 3  
38 . 7  38 . 4  37 . 7  
36 . 5  35 . 5  39 . 3  
35 . 5  34 . 3  35 . 8  
43 . 6  39 . 9  37 . 7  
43 . 8  41 . 2  43 . 2  
39 . 3  37 . 4  39 . 6  
39 . 5 37 . 8  37 . 2  
36 . 4  35 . 9  35 . 6  
35 . 9  34 . 6  34 . 5  
-;\-Al l  t imes recorded to nearest  . 1 second . 
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Best  T ime 
Test  II 
38 . 3  
3 7 , 7  
35 . 5  
34 . 3 
37 . 7  
41 . 2  
3 7 . 4  
37 . 2  
35 . 6  
34 . . 5 
36 . 94 
1 . 95 
Nam e 
G .  B .  
B. H .  
E .  L .  
R .  M .  
A .  R .  
J .  s .  
J. T .  
D .  T .  
G ,  w .  
D .  w .  
Mean 
s .  D .  
APPEND IX E 
TABLE XXI 
RECORD INGS OF PERFORMANCE* 
TR IALS 1-4, TEST I I I ,  GROUP A 
Trial Trial Trial Trial 
1 2 3 4 
35 . 2  35 . 0  33 . 6  3 1 . 9  
39 . 9  36 . 6  38 . 2  38 . 5 
37 . 6  36 . 4  36 . 2  34 . 6  
40 . 4  39 . 0  38 . 8  38 . 4  
36 . 9  37 . 6  36 . 7 35 . 2  
35 . 2  33 . 4  34 . 8  33 . 1  
35 . 7  32 . 9  32 . 4  39 , 0  
35 . 2  38 . 7  34 . 9  39 . 7  
38 . 4  39 . 1  38 . 5 36 . 9  
40 . 9  40 . 0  39 . 7 39. 8 
"'"°All times recorded to nearest . 1 second. 
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Best T im e  
Test I I I  
3 1 . 9  
36 . 6  
36 . 2  
38 . 4  
35 . 2  
33 , 1 
32 . 4  
34 . 9  
36 . 9  
39 . 7  
35 . 53 
2 . 42 
APPENDIX E 
TABLE XXII 
RECORDINGS OF PERFOID1ANCE* 
TRIALS 1-4, TEST III, GROUP B 
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===================================================== 
Name Tria l Tria l  Trial Trial Best  Time 
1 2 . 3 · 4 Tes t  .III 
B .  B .  36 . 8  35 . 2  32 . 3  36 . 5  32 . 3  
s .  G .  38 . 6  3 7 . 9  36 . 8  36 . 5  36 . 5  
s .  L .  35 . 1  34 . 3  3 1 . 8  33 . 0  3 1 . 8 
B .  M .  35 . 4  34 . 9  34 . 7 34 . 7  34 . 7 
G .  o .  37 . 0  3 7 . 9  38 . 4  36 , 4  36 . 4  
s .  s .  3 1 . 9 3 1 . 0  3 1 . 0  3 1 . 2  3 1 , 0  
M .  s .  34 . 3  32 . 0  34 . 5  34 . 3  32 . 0  
B .  s .  41 . 0  3 7 . 7  38 . 3  38 . 3  3 7 . 7  
K • . w . 37 . 2  35 . 2  36 . 0  34 . 9  34 . 9  
Mean 34 . 14 
s .  D .  -2 . 36 
*Al l  t imes  recorded to neare st • 1 second . 
Name 
T .  B .  
R .  H .  
G. H .  
G ,  L .  
R .  M .  
T .  o .  
D .  P .  
G. s .  
T .  s .  
D • . s .  
Mean 
s .  D .  
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TABLE XXI I I  
RECORD INGS OF PERFORMANCE* 
TR IALS 1-4 , TEST I I I ,  GROUP C 
Tria l Tria l Tria l Tria l 
2 3 4 
35 . 9  34 . 2  34 . 4  33 . 8  
36 . 8  35 . 5  34 . 8  35 . 0  
44 . 2  36 . 8  34 . 4  42 . 0  
37 . 3  36 . 9  35 . 6  38 . 2  
36 . 5  35 . 3  34 . 4  32 . 5  
37 . 4  35 . 5  33 . 8  34 . 0  
38 . 7  36 . 9  38 . 2  40 . 6  
34 . 3  33 . 6  34 . 3  34 . 7  
39 . 4  36 . 1  36 . 7  36 . 3  
41  •. 0 39 . 4  38 •. 9 39 . 0  
*Al l  t imes recorded to nearest  . 1 second . 
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Best  T ime  
Tes t  I I I  
33 . 8  
34 . 8  
34 . 4  
35 . 6  
32 . 5  
33 . 8  
36 . 9  
33 . 6  
36 . 1  
38 . 9  
35 . 04 
-1 .  78  
Name 
L .  A .  
s .  B .  
L .  B.  
B .  G .  
G .  N .  
c .  P .  
J. v .  
s .  w .  
R .  w.  
L .  z.  
Mean 
s .  D .  
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TABLE XIV 
RECORD INGS OF PERFORMANCE* 
TRIALS 1-4 , TE ST I I I, GROUP D 
Tria l Tria l  Tria l Tria l 
1 2 3 4 
38 . 2  36 . 9  36 . 5  35 , 6  
38 . 6  35 . 2  35 . 7  34 . 5  
43 . 9  44 . 0  42 . 6 41 . 2  
42 . 4  39 . 0  41 . 0  39 . 3  
39 . 1 39 . l 35 . 3  38 . 0  
38 . 4  38 . 4  39 . 2 37 . 3  
40 . 7  36 . 6  37 . 1  36 . 5  
38 . 3  35 . 8  36 . 7  36 . 5  
41 . 1 40 . 6  38 . 7  39 . 6  
42 . 1  40 . 0  37 . 8  40 . 0  
*All  t imes  recorded to  nearest  . 1 second . 
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Best  Time  
.Test  I I I  
35 . 6  
34 . 5 
41 . 2  
39 . 0  
35 . 3  
37 . 3  
36 . 5  
35 . 8  
38 . 7  
37 . 8  
37  . 17 
1 . 94 
Name 
D .  K .  
T .  K .  
D .  L .  
D .  M .  
K .  N .  
D .  o .  
D .  P .  
R .  R .  
D .  R .  
Mean 
s .  D .  
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TABLE XV 
RECORD INGS OF PERFORMANCE�', 
TR IALS 1-4 , TEST I I I, GROUP E 
Tria l Tr ia l Tria l Tria l 
2 3 4 
39 . 7 38 . 3 44 . 9  37 . 3  
42 . 8  39 . 7  40 . 8  40 . 1  
39 . 8  36 . 5  36 . 8  35 . 8  
37 . 5  35 . 2  35 . 5  37 . 3  
43 . 5  39 . 7  41 . 6  40 . 9  
41 . 9  39 . 5  44 . 3  38 . 8  
38 . 4  38 . 3 35 . 3  36 . 9  
37 . 8  39 . 0  38 . 8  36 . 9  
37 . 6  37 . 2  36 . 4  36 . 9  
*Al l  t imes  recorded to nearest . 1 second . 
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Best  T im e  
Tes·t I I I  
37 . 3  
39 . 7 
35 . 8  
35 . 2  
39 . 7  
38 . 8 
35 . 3  
36 . 9  
36 . 4  
36 . 90 
1 . 87 
